Introduction
Tuberous Sclerosis Complex (TSC) is a neurocutaneous, nonstatic, multisystemic disorder that affects 1:6000 live births. It is a dominantly inherited disease with a high sporadic mutation rate (66%), caused by inactivating mutations in one of the tumor suppressor genes, TSC1 or TSC2. This disease leads to hamartomas most commonly in the brain, skin, kidney and eye, that cause disabling neuro-pschyatric manifestations. It's clinical manifestations and penetrance are highly variable and the classical triad of presentation occurs in just 29% of patients. Locus heterogeneity may account for some of the extensive phenotypical variability of TSC but it is not viable for observed variability in kindred.
TSC2 mutations usually lead to a more severe clinical phenotype and their clinical variability is commonly attributed to the burden of cortical tubers that are considered the substrate for epileptogenicity, together with the perituberal cortex. 1 We describe two cases of genetically proven TCS2, sharing the same genotype, the first suffering from intractable epilepsy and mental delay but with no tubers, cortical dysplasia nor alterations of the white matter during 25-year neuroradiological follow-up, and the second with a typical neuroradiological picture but with no clinical impairment. Contents lists available at ScienceDirect 
Case report
A 28-year-old man came to our observation for a focal and poorly controlled epilepsy. A diagnosis of Tuberous Sclerosis was clinically made at 3 years of age. The patient was born from unrelated parents, normal pregnancy and natural delivery, without perinatal complications. Mild psycho-motor delay was reported. At age 3 the patient started to suffer from infantile spasms, treated successfully with carbamazepine, and manifested the first dermatological features of the disease. At age 10, partial seizures replaced infantile spasms and then gradually became medically intractable. Since then he presented brief episodes, lasting few seconds and occurring weekly, characterized by right eyelid myoclonus associated with parhasthesias, described as a migrating right occipito-temporal electrical discharge, and followed by a fainting feeling. Several cerebral CT scans and various brain MRI scans were performed in the following 25 years, always being irrelevant. A large variety of anticonvulsant medications, including phenobarbital, vigabatrin, clobazam, nitrazepam, lamotrigine, lacosamide were administered throughout the years without complete control of seizures.
Clinical examination of the patient yielded facial angiofibroma over his nose and cheeks and a small number of hypopigmented skin lesions, consistent with hypomelanotic macules (ash-leaf spots), on his arms and legs. Neurological examination showed mild cognitive impairment (IQ 65) and behavioral disturbances, without sensory-motor impairment. Psychiatric evaluation assessed the presence of autistic tracts and of psychotic features.
Electroencephalography revealed some bouffé s of polymorph theta activity and brief sequences of spikes and poly-spikes-waves bilaterally over the fronto-temporal derivations with a clear left prevalence (Fig. 1) . Given the lack of any typical neuropathological hallmarks of TSC in previous neuroradiological studies, an MR epilepsy-protocol was performed and interpreted by an expert neuroradiologist, showing no signs of malformation of cortical development (Fig. 2) . A full-body CT scanning displayed no other pathological sign of the disease.
A genetic analysis was conducted with DHPLC methods and detected a novel, small and in frame deletion/insertion TSC2 mutation on exon 30 (c.3664_3665delinsTT-p.Asp1222Phe), described according to HGVS nomenclature (accession number NM_000548.3), thus confirming the diagnosis of tuberous sclerosis complex (supplementary materials-1 and 2)
He was put on carbamazepine at the dosage of 1200 mg per day with no substantial benefit.
On the basis of the genetic results obtained in the proband, his mother, an asymptomatic 53-year-old woman with a past history of infantile spasms and complex partial seizures, underwent a genetic and neuroradiological assessment that confirmed the mutation identified in the proband and showed several calcified cortical tubers (Fig. 2) .
Discussion
We report two cases of the same TSC2 mutation responsible for two opposite phenotypes: the proband's mother, asymptomatic and with a 'de novo' mutation despite an important tuber's burden, and the proband, severely affected but showing no brain structural abnormalities.
To our knowledge, we describe the first case of tuberless TSC occurring in an adult with the full clinical scenario of the disease but without evidence of TSC's neuropathological characterizing features identifiable by means of MRI. In fact, the only described case in literature was a 2 year old child in which no cortical tubers were detected on MRI/CT scans. However, as acknowledged by the same Authors, just a single neuroradiological examination was performed, which most likely indicates imaging limitations in detecting cortical tubers in infancy, probably due to the immature myelination of the brain. Moreover, there is no information available with regard to the neuroradiological follow-up of this child. 2 Even though pathophysiologically tubers are considered to be responsible for seizures and indeed their resection contribute greatly to their control in selected cases, tubers might not be necessary for epileptogenesis in TSC. In effect, it has been suggested that plasticity and seizure susceptibility, that ultimately lead to cognitive impairment and epilepsy, are altered even with no structural damage in human TSC, analogously with the data in Eker rats.
In our patient we hypothesize that the effect of the oncosuppressor dysfunction over cortical excitability, due to TSC2 mutation, is crucial for epileptogenesis. This speculation is consistent with the evidence of a progressive functional disruption of cortico-cortical and subcortico-cortical networks that has predispose to an increased intrinsic neuronal excitability, which ultimately explain the full clinical spectrum of the disease. 3 Although the absence of tubers in the animal models of TSC is considered the main limitation with relation to humans' disease, our patient confirms that epilepsy can occur also in human Tuberous Sclerosis even in the absence of structural lesions. Hence various tuber free rat models of TSC corroborate the theory of a role of cortical hyperexcitability and of functional abnormalities in epileptogenesis, directly secondary to the TSC's molecular mutation. 4 In conclusion, our findings confirm the pathogenic relevance of both cortical hyperexcitability, directly due to TSC's molecular mutation, and of multifactorial influences on TSC's extremely wide phenotypic expression. Overall, we argue that the pathogenesis of this disease is not merely linked to the structural cortical lesions characteristic of the disease as traditionally acknowledged.
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